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The scheme below describes the mechanism for un-competitive enzyme inhibition where the 
inhibitor I binds only with the ES complex. 
 
 
Derive the modified Michaelis-Menten equation for the overall rate of formation of P. Clearly 




A chemostat is used for manufacturing a product whose formation is described by mixed-
growth-associated product kinetics with the specific rate of product formation given by 
𝑞𝑞𝑝𝑝 = 𝛼𝛼𝛼𝛼 + 𝛽𝛽 
where 𝛼𝛼 is the specific growth rate and 𝛼𝛼 and 𝛽𝛽 are constants. Assume that the culture follows 
Monod kinetics.  The inlet substrate concentration is 1g/l.  
The kinetic parameters are:  
𝛼𝛼 =  0.1;   𝛽𝛽 = 0.002 h-1;     𝛼𝛼𝑚𝑚 = 0.7 h-1; 𝐾𝐾𝑠𝑠 = 20 mg/l;    𝑌𝑌𝑥𝑥𝑠𝑠 = 0.5 g/g. 
Calculate the productivity of the chemostat for product formation if it is operated at 50% of the 
critical dilution rate.  
(Marks: 30) 
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Question 3 
 
E. Coli is to be grown under aerobic conditions in a bioreactor with a wetted volume of 1000 l. 
It is known that oxygen becomes the limiting substrate due to mass transfer limitations. Under 
these conditions, the respiration rate 𝑞𝑞𝑂𝑂2 follows Monod kinetics: 
 
𝑞𝑞𝑂𝑂2 =  𝑞𝑞𝑂𝑂2𝑚𝑚𝐶𝐶𝐿𝐿 𝐾𝐾𝑂𝑂2 + 𝐶𝐶𝐿𝐿 
 
The maximum respiration rate 𝑞𝑞𝑂𝑂2𝑚𝑚 = 240 mg O2 (g cell)-1 h-1, 𝐾𝐾𝑂𝑂2 = 0.2 mg/l and 𝐶𝐶𝐿𝐿 is the 
dissolved oxygen (DO) concentration in the fermenter medium.  A gas stream containing 80% 
oxygen is used to sparge the broth. Determine 𝐶𝐶𝐿𝐿 when the cell concentration is 20 g/l. 
Additional data: Prior to growing the culture, the unsteady state method was used to generate 
the following data: 
At t = 1 min, 𝐶𝐶𝐿𝐿 = 24.2 mg/l.  





A moving bed adsorption column packed with ion-exchange resin is used to separate an 
antibiotic from fermentation broth. The resin used has a density of 1.3 g/cm3 and the bed is 20 
cm in diameter with a porosity of 0.2. The column is designed so that the antibiotic in the 
effluent is 0.1 g/l for a feed solution containing 3 g/l of antibiotic . The superficial velocity of 
the liquid is 1.5 m/h and the overall mass transfer coefficient is 15 h-1. The equilibrium 
relationship is given by: 
 
𝐶𝐶𝑠𝑠 = 25 �𝐶𝐶𝐿𝐿∗ 
 




=  0.08 
Determine the height of the packed bed column and the weight of resin in the bed.  
(Marks: 25)  
 
 
  
